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Preface 


The style of this paper is deliberately terse, in the hope 
that a wider audience may be reached py a thinner document, 
Snmould the reader have questions or comments or wish 
amplification of any of the points dealt with here, he/she is 
Sincerely invited to contact one of the authors (telephone 995- 


0641 or 995-0635). 
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Ze INTRODUCTION 


Governments must always be concerned with achieving the goal 
afte long: term economic-stability...Tomaid them in the decision 
making process, a large number of forecasting models have been 
designed and utilized with varying degrees of success. In recent 
years another element «has ecome \,tob.theroforesncass amamajor 
consideration, that of rapidly depleting world reserves of energy 


and other non-renewable resources, 


The Long Term Simulation Model (hereafter referred to by the 
acronym LTSM) represents an attempt to deal with this second 
consideration as well as to provide a method for simulating 
Meamlous #«cconomica<qrowth | scenarios. The approach taken to 
accomplish these objectives «serine shagp-<conthasts tosumore 
traditional economic models which explain the evolution of the 
economic system as a function of the behavior of economic agents 
under the assumption that whatever is required from the physical 
system is available, This model, rather, places emphasis on 
modelling the flows of materials within the economic system and 
the ways in which these materials are transformed into finished 
products. We wish to ensure that these flows and transformations 
aap wmbeastbke..«fromatthesupoint —soh eaview ofimavatlabakitycand the 


physical laws that govern transformations. 


This emphasis on physical flows within the economic system 
Pevmrresifirst. of all> that the flows: be disaggregated by kind 
an material. Tt ‘Ge evident that. gehe «supplies of «various 


materials in the physical system vary considerably and that to a 
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large degree materials are not substitutable because of their 
physical properties. Secondly, the approach requires an accurate 
ands idetailed. representation. of « the. .processes.» through» which 
materials must pass in order to become finished products. It is 
€fear that ..the processes vary. with materials; |some processes 
require the combination or separation of materials; all processes 
BOGMare “energy- an! Varying quantities bothifor process .jheat and 
mechanical energy. Thus our model must be disaggregated both in 


Materials space-wand activity .space. 


The physical orientation of the LTSM is achieved by basing 
the model on a highly disaggregated constant dollar Input-Output 
system, Resource use, labour demand, and capital requirements 
are all related technologically to sectoral gross production in 
constant dollars. Sectoral production is determined by industry 
technology and the complete set of transactions between sectors 
necessitated by the demand for final goods. Demand formation is 
largely driven by population, the major exogenous variables being 
per capita (constant dollar) consumer expenditures, investment 
beyvels-,and ftetal yexports, The underlying population model 
Bratrecwewath gaa recent. tpepulation. distribution, and tuaces its 
evolution fairly mechanically using age~sex specific birth and 
death rates as. well as the external effects of emigration and 
immigration; the major exogenous population variables are 
aggregate fertility and the rate of immigration. The overall 
dynamic behaviour of the model may be described by a forward 


recursion relation in the variable time. 
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The name "Long Term Simulation Model" indicates two more 
important characteristics of the model, By “long term" is meant 
Aeeeime = horizon of twenty to fifty years. In this time horizon 
the operative constraints on the economic system are essentially 
those imposed by the physical system: the availability of raw 


maeerials energy, and labour, the ability of the system to 


accept waste material, and the physical laws governing 
transformations. The word "simulation" is used to indicate that 
the model is considerably open to user-specified reactions, As 


Figure I-1 shows, the model tracks supply and demand of poth 
Capital and labour separately, with no internal response to 
disequilibria, In the real world these responses are _ brought 
about by the collective decisions of all of the economic agents, 
In the model system the user of the model assumes the role of 


economic decision maker , 


For. a mores) dataited description of the LTSM-as implemented 
the reader is referred to "Users Guide to the Statistics Canada 
hong erm "Simulation Model™ by B.B. Hoffman (Feb... 1977) and 
“Statistics Canada Long Term Simulation Model” by R.B, Hoffman, 
G. Sayant, and «8. * McInnis COCES L976) both. ~of which, are 


avatlable fromthe Structural Analysis Divasion. 


The limitations of the model are inherent in what has been 
pee evbaa so far, 2m. the first places-thisis*artixed technology 
model. Secondly, the use of constant dollars leads to particular 
difficulty in handling international trade, where relative price 
Phanges- lead to some of the more interesting phenomena, And 


Praaliy, it istnot clear that the current National Accounts 
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FIGURE I-1 


Model Schematic 
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concepts, particularly on the expenditure side, are appropriate 


for long term analysis. 


MeOiSeens In «igure 15-1, the .LTSM. has been configured to 
Galculate energy demand. .*This is accomplished in physical units 
Dyan ans @o0f ».a Unit - price, transformation in the final, demand 
sector, and by using historical physical consumption by fuel type 
Pomp seach industry «in-the production sector, ,.assuming the use by 
Coach endustry bs Lixed, iin proportion .to igross..production,-in 
cCanstantisetde.lars, There iS no corresponding energy supply 
Calculation as in the case of capital and labour, Bly 1 Spee eat 


essential block of the model which is under development. 


As the title suggests, this study serves basically as a 
Gemorscitration of the LTSM, with ‘“perticular ‘emphasis ‘on its 
capability as an energy demand model. The examples presented 
should give the reader some feeling for how the factors of 
population, productivity, external trade, and final demand 
preference impact on Canadian energy resources, and how these 
impacts vary ia! their scope and importance. The paper 
demonstrates as well the two major modes of use of the LTSM: the 
Scenario mode. and the perturbation mode. “Constructing a scenario 
corresponds to a choice of relatively few macro-variables, then 
observing and altering the behaviour of the model to achieve 
et one resilts,. Perturbations are built around a Scenario by 
altering more micro-level variables while holding the major 


variables of the background scenario constant, 


ves 
PD 
“ — © 


Te 


cold ‘aa 


, 

MoT.) 
©i it ” 
tian 


A674 near 


,Obks etvtibaeqrs sate 


Si? 


Liayv AnVGi-oTS lm 


qaiveao: 


NDotG odd - ad QAFau 
> 
ve. wi Baxi? at viz 


areal YOtoans 1s #6 


atta thay « Yo 
rs a 

Hos 2o2ela polew ya ie 

Ff eth p 

: 


ng 


a4 eyent ‘eset b 
onus 


10 e202 ang ete as % 


f[etom. edd Yo svete 
7 


ae 
4I20RpUB ‘elaihg “ed, 


(42T1 eff 36 aol 


amos xsbes2 odd evig BL 


ae | 

5 .¥ sivi I>ubo1g , 0 at 
-“ | pa. ae 

Nel band no soeqms rk 
cons = 6Gk ROY, 


a2 ; 
ows liew #28 soegass 
SIaT 


(Pan ae 
P1.e8< " baa <7 


ae 
estes £ a 10 


piixartin ‘an 


a beborwpsoad 


ey 


- 

7] 
P+ 

> 

- 


IiI-:The+-Scenarios 


Three scenarios (labelled A, B, and C) have been developed 
for inclusion in this paper. These scenarios neither exhaust nor 
Coramat the spectrum of evolutionary possibilities for the 
Canadian socio-economic system -~ they are to be interpreted 
bacner “as "examples “of how’ the LTSM can be used, ‘The three 
scenarios used identical demographic assumptions (low immigration 
ance Lercility by historical standards) and identical labour force 
participation rate scenarios (continuation of existing trends) 
but had varying assumptions about the growth of aggregate 
productivity. In scenario A, productivity grows more slowly than 
isvoricalve experience, iSiwith Mihe irate decreasing Until a “zero- 
growth state is reached in the year 2000. In scenario C, on the 
other hand, productivity maintains a 2% rate of growth throughout 
the simulation interval. Scenario’ B falls roughly between these 
two extremes. In all three scenarios, international trade is set 
so that its relationship to GNE remains constant, i.e. in these 
scenarios the Canadian economy becomes neither more open nor more 
closed with respect to international trade. The structure of 
international trade, on the other hand, changes in all scenarios, 
the main features being that manufactured goods account for a 
hogner’ proportion of exports, exports of o1l,and- natural gas are 
phased out, and Canadian dependence on foreign oil decreases 


gradually to 30% by the year 2000. 


On the consumption side, business investment is manipulated 
so as to maintain rough equality between available and required 


capital, government expenditures on health and education are tied 
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to population, and other government current expenditures maintain 
their historical relationship to consumer expenditures, Consumer 
expenditures themselves are set in such a way as to give rise to 


thesaggregate productivity assumptions given earlier, 


We shall now present in more detail the assumptions and 


results of the three scenarios. 
Population; -Households; *Labour:Supply 


The chosen demographic scenario had a net immigration of — 
75,000 per year (gross immigration of 135,000 per year), and an 
asymptotic period total fertility ~- rate of 1.80. A moderately 
conservative extrapolation of household headship rates was used, 
together with a 'medium' projection of historical trends with 
regard to labour force participation rates. The results in terms 
Ot population, households, and labour force are shown in Figure 
Fi-1. Rates of growth in the two 25 - year periods are shown in 


Table JTI~1, 


As can be seen, households and labour force grow faster than 
population until the year 2000, after which growth rates of all 
three decrease, Other characteristics OL the ‘ageing’ 
population, which approaches a steady-state as time progresses, 


Can werviowed in Table II=—2. 


Both indicators reach extremal values roughly half way into 
the simulation interval, after which they reverse their 


directions of movement and re-approach their original-values, 
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FIGURE II-1 


MAJOR DEMOGRAPHIC VARIABLES 
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table II-1l 


Rates of Growth of Selected Demographic Variables (Z% per year) 


Population Households Labour Force 
1975-2000 0.94 1.36 sys 
2000-2025 0235 0.64 0.05 
Table II-2 


Selected Demographic Indicators 


Overall Participation Dependency * 
Rate (2%) Ratio 
BS ES, 53.5 0.53 
2000 655.0 0.46 
2025 5Oa9 0.54 


* Dependency ratio = (population less than 15 years + population greater than 64 years) 
(population from 15 to 64 years) 
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The fact that the original values are reapproached conceals, 


however, a fundamental change in the structure of the population, 


mieeeites the Values of the indicators resulted from a 
preponderance of the young, whereas in 2025 the values result 
from -a preponderance of old people. It should be noted that a 
higher immigration would have changed these results 


Sugeemrcantiy, This issue is addressed in ogreater detail in 
section eter below, where a perturbation with respect to 


immigration is presented, 
Productivity 


The assumptions regarding productivity are shown in Figure 
i 2. Aggregate productivity, together with an appropriate 
cyclically adjusted ‘unemployment rate', allows the computation 
of aggregate production once one is given the supply of labour, 
This methodology is in contrast to the more usual demand-driven 
manner of using the LTSM, and was adopted to illustrate this mode 
of model use. The projected trends were chosen fairly 
aoe iiyr and the sensitivity of all of the model ‘results “to 
these strends should be noted. It should also be noted that the 
concept of aggregate productivity subsumes under a single phrase 
many very difficult economic and sociological problems, with the 
result that the utility of the concept (as an exogenous variable) 
is more illusory than real. Ones has (little. choiceybutsto do 


mechanical trend analysis when using such a concept. 
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FIGURE II-2 


AGGREGATE PRODUCTIVITY 
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FIGURE II-3 


CONSUMER EXPENDITURES PER CAPITA 
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Consumption 


The values of consumer expenditure per capita associated with 
the three wescenarios are shown in Figure II-~3, While difficult to 
imterpret. meaningfully, the indicator nevertheless shows that a 
suostamblialecdifference..in .( lifestyle’ (as measured by the 
magnitudes of per capita, consumption flows) results from the 


underlying productivity assumptions, 


Energy 


Before presenting the results related to energy use, a few 


words about the underlying methodology are in order, 
Energy Accounting: Conventions 


AS a consequence of the fixed technology assumption to which 
the model is constrained presentation of results at the level of 
individual fuels would not be meaningful, given that there is a 
bighvorobabi laty ofemagor, fuel. substitutions over the next. fifty 
years, Accordingly the basic accounting convention employed is 
te total Joules of primary energy (fossil fuels being measured at 
roughly their internal energy of combustion): Lots ws. a 
reasonable procedure to the extent that one believes that one 
Souleof primary energy is as useful” as another, the clear 
exception to this being hydro electricity which is convertible 
into work at about three times the efficiency of fossil fuels. 
Therefore, when presenting the components of energy supply and 


Gisposition the constituent electricity is counted entirely as 
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the Joules of primary thermal energy which would have been 


neces sat VelLor VCs’ product ion. 


When measuring domestic resource base impacts the appropriate 
convention is again to measure Joules of primary energy, but it 
must be recognized that hydro electricity Vs iat. least. over <a 
fir cyayearortimelispan, a’ ’non-depletable ‘resource, While hydro 
reserves will not deplete appreciably over this period of time, 
We=COUlG encounter a capacity constraint in terms of the number 
ene ‘sezeimotat viable hydro sites, Thelimpact “Of total electric 
power demand (hydro and thermal) on the depletable resource base 


is, therefore, calculated as follows: 


(sie) until an assumed hydro-electric capacity limit is 
reached, a fixed share (20%) of electricity 
demanded is considered to be thermally generated, 


with consequent impact on Canadian resources; 


(Frese) an estimate of ultimate hydro capacity being twice 


the 1975 output is employed; 


ie to) once this capacity limit 1s reached, on the Dasis 
Of fixed technology and a fixed thermal electric 
share, every additional Joule. of electricity is 


considered to be thermally generated from Canadian 


ne SOULGCC Si. 


Another energy accounting convention concerns the treatment 


of imported energy. Any figures presented on imported energy 
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represent displaced Canadian primary thermal energy. Thus, an 
imported secondary energy crossing the border is valued not at 
its thermal equivalent but rather as the primary Canadian thermal 
energy which would have been required to produce it had it not 


been imported. 


The components of energy supply and disposition are based on 


the following building blocks: 


ID ~ the industriai-demand in Joules of primary energy. 
FU —- the finat‘use in Joules of primary energy. 
X -— the exports in Joules of primary energy. 


M - the imports, measured as displaced domestic primary energy. 


Employing these blocks, and recognizing that the model is 
strictly a demand model, the domestic*production is defined by 
the following identity: 

DP = ID + FU+xX-M 
Net:-Domestic’*Production is given by: 
NDP = DP - X 
Domestic-Disposition by: 


IDgte FU 


DD 


Domestic’*Supply by: 


DSas DP +.Mi~. X=, DD 
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hotat Disposition by: 


LD ID + FU + X 


Total:Supply by: 


TS 
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OTe ail» of these concepts domestic disposition is the one 
which most closely measures the response of the Canadian economy, 
with its inherent technologies, to the domestic demand for goods 
and services, The independence of this measure from the more 
volatile direct trade terms (X and M) makes it a useful basis for 
comparing scenarios. However, it should be noted that this 
figure is not independent of the structure of international 
trade: the patterns of non-energy commodity imports and exports 
affect the domestic disposition of energy independent of domestic 


demand for all goods and services, 
Energy: Resuits 


The composition of domestic supply and disposition of energy 
Peeqgiven in Figures II=-4, II-5, and [i-6.- The reader 1s reminded 
that the values of- energy imports result from the assumption that 
crude oil imports will decrease as a proportion of total use 


until a figure of 30% is reached. 


Figures .<lI-7 and 1II-8 indicate £he trends in Canadian non- 


renewable energy use expected under the three scenarios, it 


should be noted that the impact of non~hydro renewable energy 


sources, (such as solar energy or breeder reactor technology) “1s 
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FIGURE II-4 


COMPOSITION OF DOMESTIC SUPPLY AND DISPOSITION - SCENARIO A 
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FIGURE, II-5 


COMPOSITION OF DOMESTIC SUPPLY AND DISPOSITION —-— SCENARIO B 
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FIGURE II-6 


COMPOSITION OF DOMESTIC SUPPLY AND DISPOSITION —- SCENARIO C 


175 80 85 90 95 2000 Q5 0 5 205 2025 


DOMESTIC DISPOSITION 
OF PRIMARY ENERGY 
197 5-—= 2025 


INDUSTRIAL USE : 


ia ge oe 


DOMESTIC SUPPLY 


OF PRIMARY ENERGY 
1975, = 2025 


IMPORTS 


NET DOMESTIC 
PRODUCTION 


TOTAL DOMESTIC 


_ 


—_——_—____—___ > 


——— TOTAL DISPOSTEION 


PRODUCTION 


U0 eeu #2) x 10 Joules per Year, Primary Energy 


BA tar 


4.0 


3.0 


20 


FIGURE II-7 


RATE OF USE OF PRIMARY 
NON-RENEWABLE CANADIAN ENERGY 
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FIGURE II- 


CUMULATIVE USE OF PRIMARY 
NON-RENEWABLE CANADIAN ENERGY 
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moe saccounted -forisin the figures shown. With a fair degree of 
certainty, it can be expected that such renewable energy sources 
wollen “fact: account for a significant proportion of energy 
supply within the time frame under consideration, Also ignored 
ares the (probably important) effects of anticipated energy 
conservation, An interesting conclusion can nevertheless’ be 
teawneoLom se Agure, Lic/ -winamehy yethatrtif consumption trends can in 
fact be kept in line with resources of renewable energy, 
disproportionate savings of non-renewable energy result. It 
bears remarking that the level of per capita consumption in 
scenario A has an asymptotic value about 50% higher than that 
observed in the year 1975, despite the modest growth in domestic 


energy requirements, 
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ITiiI:+*:The: Perturbations 


As an example of one of the important modes of use of the 
LTSM a series of variants or perturbations of the B scenario were 
run, involving changes in some of the major exogenous parameters 


of the model. The perturbations have the following names: 


i) the immigration variant 

ii) the energy trade variant 

iii) the trade openness variant 

iv) the energy final consumption variant 


Vv ) the terms of trade variant. 


What -follows is a brief description of the characteristics 


distinguishing each perturbation from the B scenario, 


The**-Immigration:Variant alters only the demographic sub-model of 
the B scenario, increasing immigration by a constant 25,000 per 
year, and leaving all other demographic variables unchanged, Per 
Capita consumption levels and the other exogenous variables from 


scenario B remain constant, 


The: Energy: Trade:Wariant involves a phasing out of direct trade 
in energy commodities. BReter it97Seeboth eexpontsajtand eimponts 
decrease at an approximate average annual rate of 9%, leaving 


Grade wat abott “1% of ‘the 1975 levedbiby 2025, 


The -Trade*Openness’* Variant measures the effects of increasing the 
openness of the Canadian economy to external trade, The tatio of 


the total value of exports to GNE is increased linearly from 0.25 
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pee w/ Detor0 <3 Oi nim 92:00:25.) 'rOf rcour'se ‘trade’ remains’ * balanced “in 


each simulation period, 


The: Energy:Final ‘Consumption: Variant examines the effects of 
fixing the per household expenditures on energy and the per 
Capita expenditures on motor gasoline at their 1980 levels, while 
allowing all other consumer expenditures to track the same values 
Qe, OCCUr in scenario B, Final expenditures on energy in this 
variant therefore follow population growth almost exactly (there 
being a marginally greater rate of growth of households than of 


population in the B demographic scenario). 


The*Terms:of:Trade*Variant considers an increase in the price of 
Canadian exports relative to imports. The variation achieves 
this through a linearly decreasing value of exports relative to 
scenario B, until the year 2000 scenario B exports are 195% of 
Poemexports. in this variant. This ratio to scenario B exports 15s 
maintained from the year 2000 onward, while imports are held _ to 


their scenario B level for all years. 


Presentation‘ of: Results 


The general philosophy’ Ani) summarizing results” of “the 
perturbation analyses” is’*to’ present» for ~each variant those 
elements of energy supply and disposition which are most clearly 
distinguished from the scenario B results. This procedure is 
necessary owing to the disproportionate effects particular 
The emphasis is 


perturbations have on certain energy variables, 


on the energy consequences of the perturbations not only because 
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energy impacts are the principal focus of this study, but also 
because the effects on other variables are largely obvious from 
ene Gescription of the variant, The exception to this is the 
immigration variant, where selected demographic variables are 


given to complement the energy results, 
(i) Canadian: Depletabie: Primary: Energy 


From a policy viewpoint the “bottom line" in any long term 
energy scenario is the annual rate of use of Canadian depletable 
primary energy, which, when accumulated, leads to the extent of 
depletion over the particular time horizon, These values are 
Give in figure IITI=-1 for the rate of use, and Figure I1II=2 for 
the cumulative use, to the year 2025. The base for these figures 


is the 1975 rate of use of Canadian depletable primary energy. 


For reasons to be discussed later, the trade openness and 
terms of trade variants are indistinguishable on this scale and 
have therefore been grouped under the title "trade variants," 
These and the immigration variant produce quite modest changes 
from the B scenario. The energy trade variant indicates a very 
haght Canadian energy «cost associated. with an energy” self- 
sufficiency policy as compared with the 30% import dependency of 
Scenario B; in fact the use of Canadian depletable primery energy 
Bean serener than for ~jcenario Cup to 2025, The energy Finad 
Sansunption) Variant” “indicates the dramatic energy savings 
entailed by fixing per capita energy final consumption. The use 
of Canadian depletable primary energy in this variant only begins 


to exceed that for scenario A beyond the year 2000. 
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FIGURE III-1 
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FIGURE III-2 
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Table III-2 


Exports and Imports of Primary Energy 


18 
Base: 1.0 = 3.18 x 10 Joules 


Scenario B Fuel Trade 
Exports Imports Exports 
1s 1.00 LO. 
=1.687 2.102 -8.987 
Oe 0 1.68 0.10 
0.172% 1.402 -$./32 
O, 73 2630 0.01 
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The variants, together with scenario B, are summarized in 
terms of numbers in TableIII-~1, im. addition, since the. fuel 
feade- Variant is the only one exhibiting significant changes in 
@irect energy trade, the figures for exports and imports appear 


melanie: Lil—2., 
(ii) The*Domestic:Supply:and: Disposition: of: Energy 


where are three variants which display distinct changes in 
ene composition of domestic supply cand disposition, The first of 
these, ~the immigration variant, displays only a slight increase 
in all components relative to the B scenario, as shown in Figure 
ITI-3 (the base for this and the following three Figures is the 
1975 domestic disposition of primary energy). Eiqure: 4hUl-i fis 
the composition diagram for the energy trade variant. Here the 
major effects are on the supply side: by the year 2025 domestic 
Peoduction equals domestic supply, which in turn is equal to 
totaly disposition, Evqure. (iii 5 demonstrates a sectoral 
Ceaistravpution “of “energy disposition: in the energy final 
consumption variant the industrial use assumes an increasing 
fractiom of .domestic disposition over times in contrast with 


Seenario B where this fraction is nearly constant at 502. 


Another useful comparison of the energy final consumption 
warivant, with scenario A, is .-shown Mim. Figure Jii-~6. Li oea6 


evident from this Figure that even for very moderate per capita 


GNE growth rates, as exhibited by scenario A, the domestic 


disposition of primary energy to the year 2000 exceeds that for a 
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FIGURE III-3 
COMPOSITION OF DOMESTIC SUPPLY AND DISPOSITION —- IMMIGRATION VARIANT 


L975 80 85 90 95 2000 (Qs 0 2) 0 2Q25 


DOMESTIC DISPOSITION 
OF PRIMARY ENERGY 
Lyi — 2025 


INDUSTRIAL 
USE 


TOTAL 


DISPOSITION 7 


Eager eee mee oes ene 


DOMESTIC SUPPLY 
OF PRIMARY ENERGY 
1975 ~ .2025 


a 


IMPORTS 


NET DOMESTIC 
PRODUCTION 


TOTAL DOMESTIC 


oe ewe — — — 


| 


nee 


Se HEOUCTION 


oay! 


af 
a 


664s tale 


» 
— ae | 


a 


+ n 


yyeque orem 
' Yorviy YRaKied 80 7 
eLOS ~ EVGL 


Te= 983 * 0 7 


* 
* 


SVEE 


:- @& &@& @ # io - s 
, ¢ i iy 
; 
4 
c.t 
u ‘ 


eh 
ag . 
| “O.0 
alas | . 


18 
8.62 x 10 Joules, Primary Energy 


BASE: 


32 
FIGURE III-4 


COMPOSITION OF DOMESTIC SUPPLY AND DISPOSITION - ENERGY TRADE VARIANT 
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FIGURE III-5 


COMPOSITION OF DOMESTIC SUPPLY AND DISPOSITION —- ENERGY FINAL CONSUMPTION VARIANT 
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FIGURE III-6 


COMPARISON OF INDUSTRIAL USE AND FINAL USE 


ENERGY FINAL CONSUMPTION VARIANT 
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higher growth scenario in which final consumption of energy is 


restrained, 
(iii) The*+Immigration:Variant 


To give some idea of the effect of annual immigration being 
increased by a constant 25,000 people, Table III~3 gives figures 
for six major demographic variables: population, households, 
labour force, dependency ratio, persons per household, and labour 
force participation. Aside from the obvious population increase 
resulting from increased immigration, all the changes observed 
may be attributed to the fact, given that immigrants are assumed 
to behave precisely like natives once they have entered the 
country, that the immigrant age-sex distribution is dominated by 


individuals in the prime employment and reproduction years, 


Seavpeing irom any bases -yean, in this “case 1975) it is 
possible to conceptualize the immigrant and indigenous 
populations as separate groups, growing and working 
independently. Whereas the indigenous population grows only 
according to its birth and death rates, the immigrant population 
has in addition a replenishment of new immigrants each year, Tf 
this influx is limited to being some constant, N thousands, with 
a fixed age-sex distribution in each year, then it is clear that 
the immigrant population is homogenous in N, Assuming that final 
demand is a linear function of population age-sex categories, 
which is true for this model, it is therefore possible to define 
immigration multipliers, or rates of change of variables with 


respect to rates of immigration which are constant over time, 
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Table III-4 


Immigration Variant - Rates of Change 


All figures are per 1000 immigrants per year. 


Demographic Variables 


2000 
Population 31200 
Labour Force 17300 man-years 
Dependency ratio -0.00008 
Participation rate 0.0084 % 


Energy Variables 


2000 
Domestic Disposition 0.018 
Domestic Non-renewable 0.020 
Energy Rate of Use 
Domestic Non-renewable 0.182 


Primary Energy Cumulative 
Use (measured from 1975) 


2025 
65800 
33700 man-years 


-).00024 


0.0132 % 


2025 
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The multipliers are themselves functions of time, and Table III-4 
presents some sample demographic and energy multipliers for 2000 
ame. 2025, Table III-4 may be read as follows: if there were a 
constant 100,000 immigrants per year from 1975 on, then the rate 
of use of domestic primary energy would increase by 2.0 x 10 


18 
fomees in 2000, and by 5.8 x 10 Joules in 2025, as compared 


with a scenario with no immigration, 
(iv) The: Trade:Variants 


As noted earlier, measures such as domestic disposition or 
cumulative use of domestic non-renewable energy turned out to be 
too aggregated to distinguish the trade openness and terms of 
tease Variants, Figure IIlI-7/- plots the categories of energy 
supply and disposition which best illustrate the differences 
Berweon these Variants(the base for this Figure is ethe ©1975 
domestic disposition of primary energy). To the extent that the 
structure of non-energy commodity trade in the scenarios remains 
that Canadian exports are more energy intensive than Canadian 
imports per constant dollar, then the variation in industrial 
disposition shown in Figure IliI-7 fits our expectation of the 
trade perturbations. To make these differences much clearer, the 
deviation from scenario B of industrial disposition in each 
variant is shown in Figure III~8 (whose base is the 1975 
industrial dispos*sti1on Of primary energy). By.—2025 the 
difference in industrial disposition for the two variants is less 
than 9% of the 1975 -industrial use of primary energy. The 


relatively minor size of this variation is probably due to _ the 
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FIGURE ILI-7 
TRADE VARIANTS: INDUSTRIAL DISPOSITION, IMPORTS, EXPORTS 
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FIGURE III-8 


CHANGE IN INDUSTRIAL DEMAND 
(Relative to Scenario B) 
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patterns of commodity imports and exports becoming more similar 


ever time in the B scenario, 


With the exception of the energy trade variant all scenarios 
and perturbations “control" exports and imports of energy on the 
Poulowing basis: . exports of oil and natural gas decline at about 
9h per year, and imports of crude oil stabilize at 30% of 
qemest te. disposition. in the year 2000. It follows that some of 
the variations in imports and exports evident in Figure III-~7 
arise from uncontrolled energies which were originally (i.e. 6 
1975) very minor portions of energy trade. The evident asymmetry 
of increased imports exceeding increased exports of energy in the 
trade openness variant is owing to both the marginal effects of 
the uncontrolled energies and the built-in asymmetry of the 
Control “of -exports and imports. THis: “spurious, result -is 
Siriveient to  Jead to the indistinguishability of the trade 


Vairantis GQisplayed in FPigures. PTI—1l and Ifil-2. 


Summary of Results 

The following remarks on the results of the perturbation 
analyses tend in’some instances to be substantive, where the 
model results merit, in other instances pragmatic, speaking to 
inadequacies or difficulties in using the model for perturbation 


analysis. 


The immigration results demonstrate that increasing 
immigration, all other things being equal, increases energy use; 
for this no model is required. However, the immigration 


multipliers, for which a model is necessary, do indicate the size 
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and sign of change in demographic and energy variables in 
relation to immigration. As such the model demonstrates bbe ois 
possible usefulness in the. formation of demographic policy in 
Canada: 1G ican bes. used..to, indicate, , the hypothetical demand 


effects of population scenarios, 


The trade openness and terms of trade variants exemplify some 
ef the difficulties in using the model in the perturbation mode, 
Where the effects of the perturbations on the variables of 
interest are liable to be small, some care must be taken in 
Seeca eying the simulations.«a« The: difficultiessencountered in. this 
study may be grouped under the general headings of masking, 
asymmetry, and inertia, Changes in the structure of commodity 
trade in the simulations tended to mask the impact of the 
perturbation On«findustrial, disposition. Combined with the 
attenuating effects of this masking, the asymmetry of controls on 
energy imports and exports led to a Surprising direction of 
Ghange in.one..of sthe.maior: variables. the, rate. of, use, of, non= 
renewable domestic primary energy. And finally, the fact that 
Som nitty, Ans lonifa cant. .uncontrol led. .energias came to 
dominate the exports and imports of primary energy indicates how 
Prewinertiawot. the system can. given, wufficient.. time,,» produce 
unreasonable or at least unexpected results, in the sense that 


these energies grow "by default”. 


For all the simulations except the energy trade variant, 


imported primary energy was fairly stable at about, “0e “Ot 


domestic supply. Whether this is to be viewed as high import 


dependence hinges on two considerations: security of supply ‘and 
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balance of payments effects, Admitting such considerations to be 
outside the scope of this study, the fact remains that, comparing 
the cumulative use of depletable domestic primary energy for 
scenario C and the energy trade variant, continued energy import 
dependence of 30% would allow a future with relatively high 
economic growth (scenario C) having roughly the same impact on 
the non-renewable resource base as one with significantly lower 
economic growth but achieving energy self-sufficiency (the energy 


erage Variant). 


The energy final consumption variant displays large energy 
savings (relative to scenario B) ensuing from a fairly 
conservative assumption: that per capita energy usage be 
projected to its 1980 level and fixed thereafter, TL is Werch 
reiterating that these energy savings occur with exactly the same 
final expenditures on all other goods and services as in scenario 
Brg All other simulations treat consumer expenditures on energy 
as if they were technologically constrained in the same sense as 
energy expenditures in the steel industry or any other, i.e. 
primary energy for final consumption is fixed in proportion to 
total consumer’ expenditures exactly as primary energy in the 
Steel industry is fixed in proportion to the value of output, in 
fact the distribution of commodities in the bill of goods making 
up consumer expenditures is constrained not by technology but by 
preference, Once the population has satisfied all its desires 
for the basic services which direct consumption of energy 
provides, notably heating, lighting, and: transportation,.1it may 


well attach higher value to spending each additional, "unit ef 
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